The aim of present study was to assess the genotoxic effects of endocrine-disrupting compounds 4-nonylphenol (NP) on Channa punctatus after sub chronic exposure. Blood cells from gill and kidney were used for the study and micronucleated cell (MNC) and aberrant cell (AC) frequencies were used as biological indicators. The exposure was given to C. punctatus for 90 days, and the effect was seen after 30, 60, and 90 days of exposure. Three sublethal concentrations were decided after calculating the safe application rate. Exposure resulted in increased frequency of MNC and AC in both the tissues. Gill tissue was found to be more sensitive to 4-nonylphenol exposure. Highest MNC and AC frequency was found at 90 days of exposure in gill tissue and the values were 4.45±0.28 and 63.71±0.84 respectively. After exposure for 90 days, post-30 days recovery was also studied and we found a significant reduction (p≤0.01) in the values of both the parameters showing a great capacity of C. punctatus to restore its DNA integrity.
INTRODUCTION
In the world market thousands of chemicals are entering annually, and most of them are hazardous to the aquatic environment. Pollution of the aquatic ecosystems is globally recognized as a potential threat to all animals, including humans as well as aquatic organisms that interact with aquatic environment (Biney et al., 1987) . In the developing countries, 90-95% of all sewage and 70% of industrial wastes are dumped untreated into surface water (Obiakor et al., 2012) . In India, almost all the water bodies are found to be contaminated with one or another industry and ample evidences are available regarding the mismanagement of industrial waste (Jadhav and Singare, 2015; Singare and Dhabarde, 2014) . The history of environmental chemical pollutants is dominated by several chemical compounds of different characteristics such as polycyclic aromatic hydrocarbons, polychlorinated insecticides, polychlorinated biphenyl, synthetic surfactants, and heavy metals, and so on. In the early 1980s, it became evident that alkylphenolic compounds are significant environmental pollutants, these are derived from non ionic surfactants of alkyphenol polyethoxylate (Giger et al., 2009 NP that can migrate from food plastic and drinking water is found to be toxic to different biota (Hamlin et al., 2015 , Priac et al., 2014 . Since its discovery, the production of nonylphenol has increased exponentially by as much as 100-500 million pounds every year and meet the definition of high production volume chemical (EPA, 2010) . World-wide production of NP is approximately 500,000 tons, out of which 60% is finally discharged to water bodies (Ying et al., 2002 Bhatnagar et al., 2016) . Gill is the organ for respiration, and it plays a role in osmoregulation and nitrogen excretion processes and is particularly sensitive to adverse environmental conditions. This is the organ that comes into direct contact with the pollutant, it also has a large interface area between external and internal environments of the fish. A number of studies have documented the toxic effect of nonylphenol ethoxylate over fish gill and have concluded that gill is particularly sensitive for the surfactants (Cox, 1996; Sandbacka et al., 2000; Wu et al., 2005) . Kidney play an important role in maintaining osmotic homeostasis. It is the main organ of homeostasis and filtration. Because water reabsorption takes place in the distal tubule, so renal tissue is in constant exposure to chemicals and the risk of damage to the tissue is high. C. punctatus is distributed throughout India. This species is of commercial importance due to its high food value, easy maintenance, and availability throughout the year (Talukdar et al., 2016) . Moreover C. punctatus has been used in fundamental research and considered as an excellent model for toxicological studies (Javed et al., 2016; Sharma and Chadha 2017) . So keeping all these things in mind, this study aimed at increasing the knowledge and understanding about the toxic effects of 4-NP toward an aquatic vertebrates model Channa punctatus after sub chronic exposure and provide an in-depth view into the efficiency of DNA repair system in C. punctatus.
MATERIALS AND METHODS
Chemical: 4-nonylphenol used in the present study was obtained from Himedia (India). A stock solution was prepared in ethanol. The stock was prepared so that the concentration of ethanol remains constant in all the treatments. Experimental fish and toxicity bioassay: To determine the 96-hour LC 50 value of 4-nonylphenol, acute toxicity bioassay was conducted in a static system in the laboratory the test solution was changed every day to ensure that the chemical level stayed the same throughout the test period. The 96-hours LC 50 value of 4-nonylphenol was determined as 1.27 mg/l for C. punctatus (Sharma et al., 2014) , following the probit analysis method as described by Finney (1971) . Safe application rate (SAR) was calculated using the formula given by Basak and Konar (1977) . After calculating the SAR three sublethal concentrations were decided, which were 1/10 th (0.15mg/l), 1/15 th (0.10mg/l) and 1/20 th (0.07 mg/l) of the SAR. SAR = LC 0 x LC 100 / LC 50 In-vivo exposure experiment: The fish specimens (40 no) were exposed to the three aforementioned test concentrations of 4-nonylphenol and in tap water (10 no) and ethanol (10 no) in a static renewal system with the change of test water every day to maintain concentration consistently. The exposure was continued up to 90 days, and blood sample were taken at the intervals of 30, 60, and 90 days at the rate of five different fish per interval. The specimens maintained in tap water were considered as negative control and those in ethanol as a positive control. After 90 days of exposure fish were kept in water without 4-nonylphenol for 30 days and at the end of 30 days recovery was ascertained. Micronucleus assay: For each experimental group as well as for controls drops of blood taken from gill and kidney were smeared onto clean slides. Slides were then fixed in absolute ethanol for 10 min and stained with 10 % Giemsa (Palhares and Grisolia, 2002) . In each group, 1000 erythrocytes were counted under a binocular microscope (Olympus) using a 100x oil immersion lens. Cells were scored for micronucleated cells (MNC) and aberrant cells (AC). Different nuclear and cytoplasmic abnormalities like nuclear bud, notched nucleus, nuclear and cytoplasmic bridge, vacuolated nucleus and cytoplasm, deformed nuclei, caryolysis and swelled cells were considered as aberrant cells.
Statistical analysis:
The results are expressed as mean ±S.E. to study the significance of the difference in the frequency of micronucleated and altered erythrocytes among treated and control group one-way analysis of variance (ANOVA) followed by Tukey-HSD test were conducted with the help of SPSS.
RESULTS
MNC and AC frequency in blood cells from the gill and kidney: MNC and AC frequencies in blood cells from gill and kidney tissue of C. punctatus are presented in Table 1 and 2 respectively. All the concentrations at their respective durations evoked significant DNA damage in gill tissue when compared with control groups (Table 1) . After 90 days exposure to 4-NP, the highest genotoxicity (4.45%) in gill erythrocytes was found in the group treated with 4-NP at 0.15 mg/l concentration. The time-dependent increase was observed at all concentrations and the highest effect was seen at the highest duration of exposure. In blood cells from gill tissue, AC frequency increased from 4.38 % in the control group to 63.71% (highest effect) in fish treated with 4-NP at 0.15 mg/l concentration after 90 days of exposure. Erythrocytes from kidney also showed higher mean values for MNC frequency after sub chronic exposure of 4-NP as compared to the MNC frequency in the control group. Among treated groups a 12.47 fold (highest value, 2.6 ± 0.2) increase was noted in MNC frequency as compared to the control group (0.21 ± 0.008; Table 2 ). AC frequency in kidney erythrocytes is found to be higher in groups treated with 4-NP as compared to both the control groups. Highest rate of AC frequency found in the kidney was 55.32 %, which was 6.95 folds higher compared to the control group. Highest effect was seen after treatment with a chemical concentration of 0.10 mg/l after 90 days exposure. Among both tissues, blood cells from gill showed more DNA damage as values of both parameters were found to be high in gill tissue. Marques et al., (2014) found that DNA integrity returned to the control level on the first day after cessation of exposure.
MNC and AC frequencies in blood cells

Conclusion
Both the tissues (gill and kidney) of fish C. punctatus tested showed DNA damage in time and dose dependent manner after sub chronic exposure.
Blood cells from gill were found to show higher damage as compared to blood cells from the kidney as the value of both the parameters MNC and AC were found higher in gill blood cells. The various regions of DNA damage, induced by NP may be due to its microtubule disrupting activity, DNA adduct formation, mutation and genomic rearrangement or may be due to the formation of toxic intermediates that may lead to DNA damage. A significant recovery from DNA damage found after 30 days suggest the strong capacity of C. punctatus to retain its DNA integrity.
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